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(54) Procedure for the analysis of the cell cycle of cell subpopulations present In heterogeneous 
cell samples 



(57) Procedure for the analysis of the cell cycle of 
cell subpopulations present in heterogeneous cell sam- 
ples. Consists of: sequential incubation of the sample 
with: 1 ) a pool of monoclonal antibodies conjugated with 
the same fluorochrome, and 2) a fluorochrome that spe- 
cifically binds to nucleic acids; the measurement by flow 



cytometry of the fluorescence emissions; the specific 
determination of the cell cycle distribution of subpopu- 
lations of cells present in the sample identified using a 
multiparametric analysis which allows the calculation, 
for both cell groups, of the proportion of cells in the 
G0/G1 , S and G2/Mitosis cell cycle phases. 
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Description 

This invention deals mainly, although not exclusive- 
ly, with a procedure for the rapid cost-effective, sensitive 
and specific flow cytometric analysis of the cell cycle of s 
tumor and normal cell subpopulations present in heter- 
ogeneous cell samples, in order to increse the knowl- 
edge of the cell biology for diagnostic, prognostic and 
therapeutic purposes and research. 

Cell cycle applies to the phases through which a cell 10 
has to pass in order to muttiplicate itself and give rise to 
two theoretically Identical daughter celts. During this pe- 
riod and in a sequential way, resting cells (GO-phase) 
will, under certain circumstances or after receiving spe- 
cific stimuli, initiate the synthesis of RNA and proteins ^5 
(G1 -phase) which are necessary to effectively carry out 
the multiplication of its DNA and the division of the cell 
into two daughter cells. Subsequenttally. DNA synthesis 
begins (S-phase); once the cell has duplicated its DNA. 
a second late-proteln-synthesis period begins 20 
(G2-phase) which prepares the cell for division (M- 
phase). Cell cycle analysis, mainly through the study of 
the distribution of cells throughout the G0/G1. S and 
G2-M celt cycle phases has proven to be of use in the 
analysis of tumor samples and the study of the prolifer- 
ative response to different stimuli as well as in other ar- 
eas. Overall, the method is of enormous value, not only 
to gain Insight In The area of cell biology but also for 
diagnostic, prognostic and therapeutic purposes. Of the 
different methodologies used today the most extensive- 30 
ly employed is based on the staining of cells with DNA 
specific fluorochromes. From the amount of fluores- 
cence/DNA obtained and using mathematical models, 
the proportion of eel Is from a certain sample which are 
in the G0/G1 , S and G2/M cell cycle phases is calculat- 3S 
ed. One of the major pitfalls for the analysis of the ceil 
cycle in samples obtained in vivo is the frequent ab- 
sence dt pure cell populations; Frequently (i.e. in tumor 
samples or other biological samples) a mixture of differ- 
ent cell types exists at variable proportions which may 40 
present a different distribution along the distinct cell cy- 
cle phases. Therefore, the gloljal analysis of the cell cy- 
cle does not provide direct information on the prolifera- 
tion of each of the different subpopulations present in 
the sample. Recent studies have shown the possibility 
of performing staining with nrxxKxIonal antibodies and 
a DNA fluorochrome In order to specifically analyze the 
distribution of tumor cells along the different cell cycle 
phases. However various factors make it nnore difficult 
to differentiate the cells for specific identificatkxi from 50 
the remaining cells In order to analyze their cell cycle 
distribution. These factors include: the heterogeneity of 
the tumor cells regarding expresskxi of an individual 
marker (either within the same turrx^r sample or between 
different turrwr samples from different patients with the 55 
same diagnosis), the use of fluorochromes that bind 
specifically to the DNA which absorb part of the fluores- 
cence associated with the rrx^noclonal antibody used 



and the necessity of permeabilizing substancies in most 
of these procedures which to a certain extent alter the 
cell membrane and the binding of the monoclonal anti- 
body. 

Accordingly, until now, no procedure has been re- 
ported in which, within a sample where the cell cycle 
distributbn is to be analyzed using staining with fluoro- 
chromes speclfk: for nucleic acids the same fluoroc- 
chrome is used on a pool of different rrionoclonal anti- 
bodies to identify a cell population. 

Therefore one aim of this invention is to offer a so- 
lution for the specific study of the cell cycle for a popu- 
lation of cells present in a sample In which an optimal 
discrimination between the cells of interest and the re- 
maining cell elements of the sample may be obtained. 

In addition, another aim of the Invention is to deter- 
mine the distribution of the renr^ining cells (cells which 
are negative for the pool of nrtonoclonal antibodies used) 
throughout the diflerent cell cycle phases. 

The procedure for this invention consists in using a 
pool of rrtonoclonal antibodies conjugated with the same 
fluorochrome (FL1). such as fluorescein isothiocyanate 
(FITC). to identify all cells present in the sample to be 
specifically identified, and a fluorochrome specific for 
nucleic acids (FL2). such as propidium iodide or ethid- 
lum bromide. 

Sample preparation, cell staining with monocbnal 
antit>odies and nucleic acid specific fluorochromes. the 
selection of the cells to be studied as well as the cali- 
bration and adjustment of the flow cytometer. are per- 
formed folbwing previously described and recommend- 
ed methods. 

For the analysis of the results as well as for the ex- 
act quantitation of the distribution of each cell population 
studied in each cell cycle phase, software programs 
which are commercially available can be used. During 
the analysis, besides selecting the subgroup of cells of 
interest for the study from the sample, any events that 
correspond to cell multiplets as well as cell debris must 
be excluded. 

The Invention can be used both in normal and path- 
ological samples, from human or experimental animal 
models, from vegetables, bacteria and other microor- 
ganisms, and for all purposes where an analysis is re- 
quired of the distributk)n of a subgroup of cells present 
in a sample along the GQ/G1, S arid G2/M cell cycle 
phases, for research and diagnostic prognostic and 
therapeutic studies. 

As may be deduced from what has been described 
above, the monoclonal antibodies used can vary, basi- 
cally depending on the cell type to be identified. More- 
over, it should be understood that in this Invention, var- 
iations in which a different type of fluorochrome is used, 
or in which the number of monoctonal antibodies is high- 
er than two are included. Finally, any variations in which 
more than one pool of monoclonal antibodies are used, 
in which they are stained with different fluorochromes 
for specific and simultaneous kfentification in the same 
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sample of two or more different cell subpopulatbns, are 
also deluded. 

With this invention we optimize, in a significant way, 
the study of the cell cycle in biologic samples araS we 
improve the selection of cells of interest as well as the 
speed of their study. 

It should also be pointed out that the possibility of 
using a pool of monoclonal antibodies stained with the 
same fiuorochrome for the study of the cell cycle pro- 
vides detailed infomnation on the proliferation of the cells 
studied which would help to systematically identify their 
location and role in different normal and pathological 
conditions. 

Without setting a limit on the invention's potential, 
two examples are described below, which illustrate its 
use. 

EXAMPLE 1 

1 .-Material and methods. 

Peripheral blood (PB) was obtained by venous 
puncture from 10 patients diagnosed as suffering from 
B-cell chronic lymphoproliferative disorders, placed in 
liquid EDTA (K3) and mantained at room temperature 
until sample preparation was begun. Cell cycle analysis 
was performed within the next 5 hours using a direct im- 
munofluorescence technique and staining with propid- 
ium iodide measured at flow cytometry. 

2. -Sample preparation. 

A tube containing 100 ^iL of PB with 0.5-1 x 10^ 
white blood cells was prepared for each of the samples. 
The sample was incubated with four monoclonal anti- 
bodies conjugated with FITC. 

The specfficrty of the combinations of the mono- 
clonal antbodies used and its origin were as follows: 

1) FMC63-FITC (CD19); pan-B marker (Serotec, 
UK) 

2) Leu14-FITC (CD22); pan-B marker (Beclon/ 
Dickinson. USA) 

3) Leu16-FITC (CD20); pan-B marker (Becton/ 
Dickinson. USA) 

4) WR17 -FITC (CD37); pan-B marker (Serotec. 
UK) 

The tubes were gently vortexed and incubated in 
the daric for 10-1 5 minutes at room temperature. Imme- 
diately after this incubation period, 2 mL of an amonium 
chlorkie lysing solution was added, fol towed by a 4-5 
second vortex. Afterwards, cells were incubated for an- 
other 10 minutes in the dark (room temperature). After- 
wards samples were centrrfuged at SOOg for 5 minutes 
(4°C). The supernnatant was discarded and the cell pel- 
let free of red btood cells was resuspended by vigorous 
vortexing (1-2 seconds). In each tube 1 mL of a phos- 



phate buffer saline solutton (PBS) containing 1 gA. of 
bovine serum albumine (Sigma Chemicals, St Louis. 
MO, USA) was added. Another centrrf ugaton (SOOg. 5 
minutes), was performed and cells were finally resus- 

s pended in 1 mL of PBS solution containing 0.5% tween- 
20 (Sigma). lOOmg/nnL de RNAse (Sigma Chemicals) 
and Sjig^mL of propidium iodide (Sigma Chemicals). 
Cells were incubated for 15 minutes at room tempera- 
ture in this solution and were stored at 4° C in the dark- 

10 ness until analyzed in the ffow cytometer. 

3.- Data acquisition and analysis. 

Measurements were performed on a FACSort (Bec- 

15 ton/Dickinson) flow cytometer equipped with an argon 
ton laser tuned at 488nm and 15 m watts. The instru- 
ment was calibrated using the DNA-OC reagent (Bec- 
ton/Dickinson). Fluorescence compensation between 
FITC and propidium todide was performed using CAL- 

20 IBRITE beads (Becton/Dickinson) and chicken red cells 
stained with propidium iodide. 

Data analysis was performed in two steps. First, we 
selected the cells of interest (FITC positive) correspond- 
ing to neoplastic B-cells and excluding not only non-B 

25 cells but also cell debris and cell aggregates. For that 
purpose the PAINT-A-GATE PLUS (Becton/Dtokinson) 
software program was used. Afterwards the REIT math- 
ematical model included in the CELLFIT software pro- 
gram (Becton/Dickinson) was used for the analysis of 

30 DNA histograms in order to cateulate the proportion of 
cells from the selected cell population present in the 
G0/G1 , S y G2/M cell cycle phases. 

EXAMPLE 2 

35 

1 .-Material and methods. 

Peripheral btood (PB) was obtained by verKJUs 
puncture from 15 patients diagnosed as suffering from 

40 multiple myeloma, placed in liquid EDTA (K3) and man- 
tained at room temperature until sample preparation 
was begun. Cell cycle analysis was performed within the 
next 5 hours using an indirect immunofluorescence 
technque and staining with propidium iodide measure 

45 at flow cytometry. 

2. -Sample preparation. 

A tube containing 100 ^L of PB with 0.5-1 x 10® 
50 vvhite blood cells was prepared for each of the samples. 
The sample was incubated with two monoclonal anti- 
bodies. 

The specificity of the combinattons of the mono- 
clonal antibodies used and their origin were as foltows: 

55 

1) BB4; Plasma cell marker (Serotec, UK) 

2) GR7A4 (CD38); Marker that is strongly and char- 
acteristically expressed by plasma cells (Universi- 
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c^d de Granada. Spain) 

The tubes were gentty vortexed artd incubated in 
^ the dark for 10-15 minutes at rcxxn temperature. Imme- 
diately after this incubation period 2 mL of PBS solution 
was added, followed by a 4-5 seconds vortex. Immedi- 
ately after this, cells were centrif uged. discarding the su- 
pematant and the cell pellet resuspended in 200 of 
the same solution. To the cell suspension, a rabbit anti- 
mouse immunoglobulins monoclonal antibody was add- 
ed at a 1/100 final dilution and a second incubation at 
room temperature in the dark for 1 0-1 5 minutes was per- 
formed. Once this incubation was finished 2 mL of an 
amonium chtoride lysing solution was added, foltowed 
by a 4-5 seconds vortex. Afterwards, cells were incubat- 
ed for another 10 minutes in the dark (room tempera- 
ture). Afterwards samples were centrifuged at 300g for 
5 minutes (4*0). The supernatant was discarded and 
the cell pellet free of red blood cells was resuspended 
by vigorous vortexing (1 -2 seconds). In each tube 1 mL 
of a phosphate buffer saline solution (PBS) containing 
1 g/L of bovine serum albumine (Sigma Chemicals, St 
Louis, MO, USA) was added. Another centrifugation 
(300g, 5 minutes), was performed and cells were finally 
resuspended in 1 mL of PBS solution containing 0.5% 
tween-20 (Sigma), 1 0Omg/mL de RN Ase (Sigma Chem- 
icals) and 5^ig/mL of propidium iodide (Sigma Chemi- 
cals). Cells were incubated for 1 5 minutes at room tem- 
perature in this solution and were stored at 4'*C in the 
dark until analyzed in the flow cytometer. 

3.- Data acquisitbn and analysis. 

Measurements were performed on a FACSort (Bec- 
ton/Dickinson) flow cytometer equipped with an argon 
ion laser tuned at 488nm and 15 m watts. The instru- 
ment was caltorated using the DNA-QC reagent (Bec- 
ton/Dtckir)son). Fluorescence compensation between 
FITC and propidium iodkje was performed using CAL- 
IBRITE beads (Becton/Dk;kinson) and chicken red cells 
stained with propidium iodide. 

Data analysis was performed in two steps. First, we 
selected the cells of interest (FITC positive) corre- 
sponding to plasma ceils and excluding not only the re- 
maining celts but also cell debris and cell aggregates. 
For that purpose the PAINT-A-GATE PLUS (Becton/ 
Dickinson) software program was used. Afterwards the 
RFIT mathematical model included in the CELLFIT soft- 
ware program (Becton/Dickinson) was used for the 
analysis of DN A histograms in order to calculate the pro- 
portbn of cells from the selected plasma cell population 
in the G0/G1, S y G2/M cell cycle phases. 



Clainns 



pies, characterized by the following steps: 

a) sequential incubation of the sample with a 
pool of different rrxxnoclonal antibodies stained 
s with the same fluorochrome arxJ all designed 

for the specific and sensitive kientificafion of 
the cells of interest, and with a nuciek: acki spe- 
cific fluorochrome. 

10 b) to measure by flow cytcxnetry the fluores- 

cence emissions of the two fluorochromes; 

c) to analyze the results obtained using multi- 
parametric analysis for the identification of the 
IS cell subpopulatbn to be studied and to analyze 

its distribution throughout the G0/G1 , S y G2/M 
celt cycle p>hases. 

2. Procedure as in claim 1, characterized by the fact 
20 that in step (a) normal and pathological samples ob- 
tained in vivo, stored or treated in vitro are used. 

3. Procedure as in claim 1 characterized by the fact 
that the monoclonal antitDodies used and their 

25 number may vary depending on the cell type to be 
kientified, its phenotype or the type of sample. 

4. Procedure as in claim 1 characterized by the fact 
that any combinatk>n of fluorochromes can be used 

30 rf they are technically compatible. 

5. Procedure as in claims 1 to 4 characterized by the 
fact that more than one pool of monoclonal antibod- 
ies directed aginst more than one different cell sub- 

3S population can be simultaneously used, each of the 
pools of rrK»noclonal antibodies being stained with 
a different fluorochrome. 

6. Procedure as in claims 1 to 5 in which apart from 
40 the staining of the cell subpopulation to be studied 

and the nucleic acids, other markers including on- 
coproteins, cell cycle related proteins, cell apopto- 
sis, activation or differentiation markers are identi- 
fied. 

45 

7. Procedure as in claims 1 to 6 in which the ktentifi- 
cation of cells is performed based on the presence 
of staining for the pool of rTK>noclonal antibodies 
used or by the intensity of positivity obtained for 

50 them. 
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